Rhynochetos orarius has been described from Holocene fossils as the sister species of the smaller extant Kagu Rhynochetos jubatus, a bird endemic to New Caledonia. However, we argue that there has never been evidence justifying the description of R. orarius. Additionally, for biogeographical reasons it seems unlikely that two Kagu species would have evolved in New Caledonia. We therefore synonymise R. orarius and R. jubatus and postulate that Holocene Kagu were larger than today probably because historic hunting by humans targeted larger birds in richer habitat.
Introduction
Humans colonising the Pacific islands had a strong impact on large-bodied flightless birds through hunting, and many of these species became subsequently extinct (Steadman and Martin 2003) . This was also the case in New Caledonia, where only one flightless bird species, the Kagu Rhynochetos jubatus, survived, whereas about 20 species became extinct (Anderson et al. 2010) . However, if large body size was an important reason for human-caused extinction of some species, there might also have been a selection pressure towards smaller body size in species that survived the arrival of humans. Balouet and Olson (1989) found fossil Kagu bones from the Holocene (about 1800 years ago) that were larger than those of extant Kagu. They described the fossil Kagu as a new species, Rhynochetos orarius, from deposits in the Pindai Cave (west coast of Grande Terre, the mainland of New Caledonia; Fig. 1 ). Balouet and Olson (1989) furthermore assumed that "R. orarius and R. jubatus were lowland and highland forms, respectively" (p. 32, last paragraph in the left row). In this paper, we review Balouet and Olson (1989) and argue that R. orarius should never have been described as a new species. We also argue that it seems unlikely that two species would have evolved in New Caledonia. Therefore, the fossil remains of Kagu potentially provide evidence that the body size of Kagu substantially decreased during the last two millennia with human presence. No evidence for a second Kagu species Balouet and Olson (1989) described R. orarius based on the assumption "unless we postulate that all Kagu have become much smaller within only a few centuries, which seems highly unlikely, then the fossils must represent a form that is taxonomically distinct from R. jubatus" (p. 32, 5th paragraph). They further acknowledged that "the general proportions of the different bones are very similar in the two species" and that the only differences in anatomy were that "in R. orarius the tibiotarsi have the inner condyle deeper than the width of the distal end ( Fig. 16a) [in Balouet and Olson 1989] and the tarsometatarsi have a deeper anterior groove that extends nearly to the distal foramen, whereas this groove is less pronounced and restricted to the proximal half of the bone in R. jubatus" (Balouet and Olson 1989, p. 32, 2nd paragraph) . Anderson et al. (2010) also studied fossil Kagu in New Caledonia and doubted that the size difference in bones was enough to ensure the validity of R. orarius. They wrote that " Balouet & Olson (1989) described an extinct Kagu from bones at Pindai as Rhynochetos orarius on the basis that it was slightly bigger than R. jubatus. The difference is minor and of a scale often seen in populations of larger gruiforms […] so R. orarius may be a slight geographical variant not worthy of specific status" (Anderson et al. 2010, p. 101, 2nd paragraph) . The currently accepted phylogenetic position of the Kagu is as a sister taxon of the Sunbittern Eurypyga helias (Hackett et al. 2008 ) within the Aequorlitornithes clade, near the Gruiformes clade (Prum et al. 2015) . Furthermore, Balouet and Olson (1989) found only the alleged larger Kagu species in the examined deposits located in the lowlands but never found any bones that they could assign to R. jubatus, which means that there is no evidence that two species of Kagu co-existed in the Holocene. We think that basing a species description just on an assumption, without any proof of the existence of two species and little evidence for autapomorphies, does not warrant the description of a species. We therefore consider R. orarius as an invalid species and a synonym of R. jubatus. As the latter was first described, the correct name for all Kagu would be Rhynochetos jubatus Verreaux & Des Murs, 1860.
Biogeographical and ecological reasons to doubt the existence of two Kagu species
Besides lack of taxonomic evidence for two Kagu species, there are also biogeographical reasons to doubt their existence. New Caledonia was submerged until about 37 million years ago (Grandcolas et al. 2008) , meaning that a flying ancestor of the Kagu must have colonised the island after this submersion and subsequently lost its flight ability. Kagu diverged from their nearest relative, the Neotropical Sunbittern, which still has flight ability, probably in the Oligocene, about 35 million years ago (Fain and Houde 2004) , so it is likely that Kagu colonised New Caledonia from Gondwana just after its re-emersion. On the archipelago, there was little potential for separation of the alleged mountain and lowland species. The best chances for allopatric speciation would have been on Grande Terre and Île des Pins, which were connected in glacial periods (as the lagoon between the islands is shallow) and separated in warmer periods (as today). However, Balouet and Olson (1989) found bones of the same larger Kagu form on both islands, which excludes this possibility for allopatric speciation. The only circumstances for allopatric speciation on Grande Terre would have been through elevational separation since the highest mountains on Grande Terre reach 1600 m a. s. l. However, extant Kagu live from the lowlands (Theuerkauf et al. 2015) to high-elevational sites (Hunt et al. 1996) . Even if there had been a lowland and a highland form of Kagu, there would not have been any barrier preventing genetic flow throughout elevations, because the western lowland region and the central mountain range are adjacent (Fig. 1) and inter-connected, preventing the establishment of two species. The same is true if we consider habitat as a potential separation factor since the major part of New Caledonia was covered by forest that gradually changed from dry forest in the west to rainforest in the east (Jaffré et al. 1998) . Considering that the dispersal distances of individual Kagu are at least up to 12 km (Létocart 2000) , there was likely genetic exchange throughout the forest and no possibility for speciation. Sympatric speciation in birds is rare (Phillimore et al. 2008 ) and given that Kagu have a generalist carnivorous diet (Hunt 1996a), we do not see much potential for niche separation.
Body size and body mass reduction in Kagu
Given that R. orarius should never have been described as a new species, the Holocene Kagu bones likely belong to R. jubatus. Therefore, Balouet and Olson (1989) provide indirect evidence that Kagu had larger bones 1800 years ago than today. Based on the measurements in Balouet and Olson (1989) , we estimated body mass for Holocene and extant Kagu with the equations provided in Field et al. (2013) , taking into consideration the length of tarsus (7% longer in Holocene compared to extant Kagu), humerus (10%), femur (10%), tibia (13%), and coracoid (15%). Estimations for body mass of Holocene Kagu were 16% (based on tarsus) to 41% (based on coracoid) larger than that of extant Kagu. Given that the average size difference of bones between Holocene and extant Kagu is about 14% (Fig. 1) , the average body mass of Holocene Kagu would rather have been around 40% larger than that of extant Kagu.
Possible reasons for body size reduction
Body size of prey can rapidly change in response to the introduction of a new predator (Fisk et al. 2007 ). For example, body size of European Mink (Mustela lutreola) decreased within 10 years after introduction of a competitor (Sidorovich et al. 1999) . In Australia, body size of snakes increased less than 70 years after the introduction of an invasive toad (Phillips and Shine 2004) . Relatively rapid changes in body size have also been found in birds, as body size of birds introduced to New Zealand changed up to 4% within 150 years (Blackburn et al. 2013) . We think that, as the fossil bones of Kagu were leftovers in inhabited caves (Balouet and Olson 1989) , the most likely reason for the body size reduction of Kagu was predation by humans. Hunters probably selected larger Kagu and areas of high density for hunting Kagu, which were probably the areas of best Kagu habitat. However, one-third of New Caledonia consists of ultramafic regions, which are generally uninhabitable for humans due to the poor ultramafic soils rich in heavy metals (Latham et al. 1978) . As Kagu have the ability to withstand high heavy metal contents (Theuerkauf et al. 2015) , these ultramafic areas likely served as a refuge habitat for Kagu (Theuerkauf et al. 2017) . The introduction of dogs in 1774 (Gargominy et al. 1996) , which are nowadays the main predator of Kagu (Hunt et al. 1996) , probably reinforced Kagu being pushed into suboptimal habitats far from human settlements (Hunt 1996b) , as dogs do not establish sustainable populations in the wild (Rouys and Theuerkauf 2003) . At the end of the nineteenth century, Layard and Layard (1882) noted that the Kagu "has now nearly disappeared from the neighbourhood of the more settled and inhabited parts. It is usually caught by natives with dogs among rocks and stones in precipitous ravines in the mountains" (p. 534, last paragraph). Ultramafic areas, however, are suboptimal habitat and extant Kagu are 10% lighter on ultramafic soil than in other areas (Theuerkauf et al. 2017) . Applying the conversion equations by Field et al. (2013) , the 10% lower body mass would correspond to Kagu being about 4% smaller in ultramafic areas. The samples of Kagu of Balouet and Olson (1989) were about 1.5% smaller on Île des Pins (which has large areas of ultramafic soils) than on Grande Terre in the Holocene (Fig. 1) , indicating that also in the Holocene, there were probably differences in body size dependent on habitat richness. In addition to selective hunting, the suboptimal habitat might therefore have contributed to the body size reduction. If smaller individuals were better adapted to the poor environmental conditions in the refuge habitat, then there might have been selection towards smaller body size. However, the 10% body mass difference nowadays is only caused by environmental differences, as Kagu recently recolonised the study site on non-ultramafic soil (Theuerkauf et al. 2017 ) from the refuge habitat.
Our findings have implications for both island biogeography and invasion biology. Knowledge of body size is crucial for island biogeography (Santos et al. 2016) . Although studies testing for example Bergmann's rule (Olson et al. 2009) or the island rule (Boyer and Jetz 2010) take into account the extinction of species, the analyses are run under the assumption that body size of the species that survived the human invasion did not change after the colonisation. However, we showed indirect evidence that body size of Kagu has changed in the last 1800 years. This kind of human-induced change of body size has been documented in mammals (Faurby and Araújo 2017; Santini et al. 2017 ). Berv and 1 3 Field (2018) showed body size reduction in birds during the Cretaceous-Paleogene mass extinction event and wondered if this also happened during the Holocene. Human colonisation in the Pacific goes back several thousand years and there could be other species assumed extinct, while in reality their fossils might be forms of present day species that changed over time. The impact of humans on morphological change in birds might therefore have been underestimated, while human impact on extinction has been overestimated. We therefore encourage researchers to verify if body size reduction also occurred in other species.
